Abstract. Water power is a renewable energy source which has great potential in replacing fossil energy for generating electricity. The aim of this research is to analyze the influence of vertical distance of water source (water head) and nozzle diameter on the electrical power generated by Pelton turbine. It used Pelton turbine type with 22 buckets (vanes) which employed a PMG 200 watts generator with 1 : 2 pulley transmission system. Four different values of nozzle diameter and three different values of water head were chosen as the design parameters of the turbine. The electrical power was measured in three replications for each combination of the design parameters. The research showed that water head and nozzle diameter significantly affect the power generated by the Pelton turbine. The higher the water head from the surface, the more power generated. It was found that the electric power linearly increases with the increasing of nozzle diameter. However, it reaches the peak in 9 mm nozzle diameter and is getting lower in a larger diameter. The highest electric power of 16.89 watt is observed by adjusting the water head on 4.6 m with 9 mm nozzle diameter. Those design parameters are able can produce a rotation speed at 320 rpm in the generator. By identifying the appropriate parameters, it is possible to have more power generated by the water turbine used for hydroelectric power generation plant.
Introduction
The use of renewable energy sources gains more focus of attention considering the increasing concern in negative environmental effects of conventional sources of energy. In fact, Indonesia is a country which has plenty of renewable energy resources as shown in Table 1 . However, it can be seen that the installed capacity of the renewable energy sources for generating electrical power is less than 6.8% from total resources available [1] . plant producing less than 200 kW electrical powers [2] . In general, there are two types of turbines used for micro-hydro:
1. Action turbine (impulse turbine) for example, Pelton turbine 2. Reaction turbine, for example Francis turbine (radial type) and Kaplan turbine (axial type) As an axial flow turbine, the water flows in the blade of Pelton turbine from the reservoir to the penstock in which the lower end of the penstock is connected to the nozzle. The nozzle is used to increase the jet speed, while the blade is used to make the runnerrotates. The angle is mounted on the edge of the runner while the runner itself is mounted on the shaft. The turbine shaft is connected to the generator shaft, where the generator works to convert the rotation produced by the turbine into electrical energy [3] .
There are several factors that may affect the power and efficiency of a Pelton model turbine, such as nozzle diameter, nozzle number, blade shape, the blade number, and water head [4] . In this work, the performance of Pelton turbine under different geometries and water head is studied to determine the most effective operation parameters.
Methods
This experimental study used a Pelton turbine as specified in Table 2 by varying nozzle diameter and water head. The performance of turbine is represented by the electrical power generated [5] . The experiment was conducted in the water turbine with varying nozzle diameter, of 5 mm, 7 mm, 9 mm and 11 mm placed in different levels of water head of 3.6 m and 4.6 m. The experiment was conductedusing configurationas presented in Figure 2 . 
Results and discussion

Flow rate of water
The water flows through the nozzle and is directed into the blades of a turbine runner which then creates a force to generate electricity power [6] [7] . It was observed that the flow rate of water varied with different geometries and water head. It can be seen from Table 3 that the flow rate linearly increases with increasing of nozzle diameter as well as the water head. 
Speed of rotation and electrical power
The rotational speed and electrical power generated are presented in Figure 3 to 5. It is clearly seen from those figures that the water head affects the electrical power generated. The 4.6 m water head produces higher rotational speed in the generator compared to the 3.6 m head (Figure 3) . The rotational speed also increases with increasing of nozzle diameter. However, it reaches the peak of 320 rpm for 4.6 m water head at 9 mm diameter nozzle and tends to decrease with increasing of diameter. In Figure 4 and 5, the trend of electrical voltage and power are similar with the rotational speed of the electricity generator. The maximum electrical power generated is 16.89 watts by using operational parameters of 4.6 m water head and 9 mm nozzle diameter.
Figure 5. Relationship of Electricity Power to Nozzle Diameter
The larger nozzle diameter will drain more fluid and create higher flow rate which rotates the Pelton turbine. This higher rotation in the generator will produce higher electric power. However, there is an optimum size of the nozzle diameter since an excessive diameter size will have less water pressure. A nozzle is applied to produce water pressure in rotating the turbine. The dimension of the nozzle should be carefully considered based on the available water head to produce the required electric power generated [8] .
Conclusion
The increase of electric power generated by the generator is proportional to the available water head. In contrast to the head, the nozzle diameter variation increases in the resulting electric power but decreases the power in the 11 mm diameter nozzle. Highest electric power is generated at 9 mm diameter nozzle and 4.6 m head, which is 16.89 watts. While the smallest electric power generated by the variation of 3.6 m head with 5 mm nozzle variation of 7.73 watts.
